Introduction: This study aimed to determine the bond strength of fiber post to composite core following surface treatment with Er,Cr:YSGG laser at different powers and sandblasting with and without thermocycling. Methods: In this experimental study, 30 fiber posts (Glassix, Nordin, Switzerland) were randomly divided into 5 groups of sandblasting, no treatment and laser irradiation at 1, 1.5 and 2 W powers. Following composite filling and mounting, 1-mm thick sections were made for pushout bond strength testing. Half of the samples in each group were subjected to thermocycling (n=15). Two-way analysis of variance (ANOVA) was used to analyze the bond strength values. Pairwise comparisons were made using Tukey test (P < 0.05). Results: Effect of treatment method on push-out bond strength of fiber post to composite core was significant (P = 0.017), while thermocycling had no significant effect on bond strength (P = 0.964). Pairwise comparison of surface treatment methods revealed no significant difference in groups with and without thermocycling (P > 0.05), but Er,Cr:YSGG laser irradiation with 1 W power yielded significantly higher bond strength than the control group (P =0.01). Conclusion: Irradiation of Er,Cr:YSGG laser at 1 W power increased the bond strength of fiber post to composite core. Thermocycling slightly decreased the bond strength at the fiber postcore interface.
Introduction
Endodontically treated teeth exhibit lower fracture strength than sound teeth due to considerable loss of tooth structure. Fiber posts are extensively used to provide retention for the core in permanent restoration of endodontically treated teeth. 1 Prefabricated fiber posts have shown promising clinical results in terms of durability for use in endodontically treated teeth with moderate amount of remaining coronal tooth structure. Fiber posts have gained increasing popularity as an alternative to the traditional casting post and core restorations. [2] [3] [4] Prefabricated fiber posts adhesively bond to the root canal walls and provide retention for composite cores. Core build-up is done chairside and thus, eliminates the need for a laboratory fabrication step. [5] [6] [7] Fiber posts are often made of silanized glass or quartz fibers in an epoxy-or methacrylate-based resin matrix. No chemical reaction occurs between the organic matrix of fiber posts and methacrylate present in the core build-up material. [8] [9] [10] Despite several advantages of fiber posts over the conventional posts, bond to intracanal dentin and core material has always been challenging for the former group. 3, 11, 12 Some surface treatment methods including mechanical and chemical treatments have been proposed to enhance the bond of fiber posts to substrates, with controversial results. [13] [14] [15] The chemical bond between fibers and resin materials is enhanced by the application of silane coupling agent. [16] [17] [18] [19] Application of silane increases the wettability of post surface; thus, an intimate contact can be obtained between the two materials. On the other hand, micromechanical retention can be provided by abrasion with air born particles measuring 25-30 μ in size, via increasing the surface area and microporosity. Resin penetrates into the microporosities and forms resin tags, which result in micromechanical interlocking and enhance the retention of the core material. 19 Since no general consensus has been reached for an ideal clinical bonding process, attempts have been made to find alternative chemical and mechanical techniques for surface treatment of fiber posts to achieve higher bond strength. Surface treatment with Er,Cr:YSGG laser is among the suggested techniques. The Er,Cr:YSGG laser is well absorbed by the water and minerals present in the formulation of hydroxyapatite crystals. Due to the absorption of Er,Cr:YSGG laser wavelength in water, it has several applications for the gingival tissue and oral mucosa. 20 Due to its numerous advantages, this laser is used as a safe and effective surface treatment modality to enhance the bond strength. Moreover, laser irradiated surfaces may provide a strong bond to restorative materials thanks to numerous porosities and the absence of a smear layer. 21 Application of laser in dentistry is becoming increasingly popular. Arslan et al 22 reported that Er:YSGG laser irradiation at 4.5 W power was more effective for increasing the bond strength of fiber-glass posts to composite core, compared to sandblasting. However, Tuncdemir et al showed that Er:YAG laser irradiation at different powers had no significant effect on the bond of quartz fiber posts to resin cements. 23 Moreover, Kurtulmus-Yilmaz et al assessed the effect of Er,Cr:YSGG laser irradiation on bond strength of fiber posts to resin cores, and reported that application of this laser at 1 W and 1.5 W power enhanced the bond at the post-core interface. 24 To the best of the authors' knowledge, no previous study has evaluated the bond strength of fiber posts to composite core with/without thermocycling, and only one study was found on the effect of Er,Cr:YSGG laser irradiation on bond strength of fiber posts to composite cores, and it didn't evaluated the effect of thermocycling on the results. 24 Duration and method of aging are among other factors affecting the success of composite restorations. Thus, artificial aging must be performed to simulate the clinical setting. Thermocycling and water storage are among the well-accepted artificial aging protocols for simulation of clinical oral environment. 6 Thermocycling has been extensively used in studies on composite restorations, to simulate aging of composite bond. In this method, samples are subjected to severe thermal changes. High temperature degrades the physico-chemical properties of composite and compromises its bond. Thermal changes decrease the number of unreacted double bonds on the surface or within the composite, and negatively affect the composite bond strength. 2 This study sought to assess the effect of Er,Cr:YSGG laser irradiation on push-out bond strength of fiber post to composite core, in comparison with sandblasting and no surface treatment.
Methods
Thirty glass fiber posts (Glassix #3, Nordin, Switzerland) were used in this study to make all specimens. Based on the method of surface treatment, the posts were randomly divided into 5 groups. After cleaning the posts with alcohol, group 1 posts were subjected to 1 W Er,Cr:YSGG laser (Biolase, Waterlase, USA). Group 2 posts were subjected to 1.5 W Er,Cr:YSGG laser. Group 3 posts were subjected to 2 W Er,Cr:YSGG laser. Group 4 posts were sandblasted and group 5 posts had no treatment. For surface treatment with laser, laser was set on H mode and each fiber post was lased for 2 cycles with a swiping motion; each cycle of laser treatment took 40 seconds. Each laser power was used with 20 Hz frequency, 60% water, 40% air and Δt of 60 μs. Fiber posts in the sandblasting group were sandblasted with 50 μ Al 2 O 3 particles at 2.8 bar pressure for 5 seconds from 10 mm distance. After cleaning the posts by immersing in ultrasonic bath containing water for 4 minutes, silane (PULPDENT, Watertown, USA) was applied on all fiber posts and gently air-dried after 1 minute. Bonding agent (Single Bond, 3M ESPE, St. Paul, MN, USA) was then applied on the entire surface of fiber posts and each surface was cured for 20 seconds using a light curing unit with light intensity of 600 mW/cm 2 (Woodpecker, Shanghai, China). The apical third of each post was placed in a surveyor and adjusted perpendicular to a glass slab. A cylindrical plexiglass mold measuring 8 mm in diameter and 2 mm in thickness was placed over the post surrounding its non-tapered zone in such a way that the post was approximately positioned at the center of the mold. After post placement, composite (P60, 3M ESPE, St. Paul, MN, USA) was applied to the mold in 2 mm increments and was cured for 20 seconds using the same light curing unit. Then, another mold was placed above the previous one and filled similarly. The procedure continued until the non-tapered zone of each post was completely filled. Next, the remaining tapered part of each post was cut. After that, all composite-post blocks were immersed in distilled water at 37°C for 24 hours. Finally, the composite_post blocks were mounted in epoxy resin and sectioned perpendicular to apicalcoronal direction to 1-mm thickness using a Mecatome (Presi, France). By doing so, 5 samples were obtained of each composite-post blocks approximately, and a total of 30 samples for each groups. Half of the samples in each group were thermocycled (10 000 cycles, 5°C-55°C, 20 seconds of dwell time and 10 seconds of transfer time), while the other half were not (n = 15). Samples' thickness was measured by a digital caliper and all samples were subjected to push-out bond strength tests by the universal testing machine (Zwick Roell, Ulm, Germany). The bond strength values were recorded in megapascals (MPa).
The samples were loaded by a cylindrical plunger with 0.8 mm diameter at the center of posts without contact with the surrounding core surfaces. Load was applied in an apical-coronal direction at a crosshead speed of 1 mm/min and continued until the post displacement. Maximum load at post displacement was measured in Newton and calculated and reported in MPa. The samples were then evaluated under a stereomicroscope (Nikon, Tokyo, Japan) to determine the mode of failure at ×40 magnification.
Five fiber posts (one of each group) were prepared and after the gold coating under sputter coater (SBC12, KYKY, China) for 30 minutes, they were evaluated under a scanning electron microscope (SEM) at ×500 magnification (EM3200, KYKY, China) and micrographs were captured for assessment of surface morphology. The data were analyzed using SPSS version 21.0.
Descriptive statistics were applied and the mean and standard deviation (SD) of push-out bond strength of fiber posts to composite core were reported for the five groups. Two-way analysis of variance ( ANOVA) was applied to assess the effect of surface treatment method and conduction of thermocycling on the results. Tukey test was used for pairwise comparisons of the groups. Type one error was considered as 0.05.
Results
The mean and SD of push-out bond strength of fiber posts to composite core, following sandblasting with and without thermocycling, were 15.76 ± 4. Figure 1 ). Based on the results of two-way ANOVA, the effect of treatment method on push-out bond strength of fiber post to composite core was significant (P = 0.017) but thermocycling had no significant effect on bond strength (P = 0.17). The interaction effect of thermocycling and treatment method on bond strength was not significant neither (P = 0.96). Considering the significant effect of different surface treatment methods on push-out bond strength of fiber posts to composite core, Tukey test was applied for pairwise comparisons of bond strength values. Based on Table 1 , a significant difference was only found between the control (no surface treatment) and 1 W laser groups (P = 0.01), and no other significant difference was noted between different surface treatment groups in terms of bond strength of fiber post to composite core. The frequency of failure modes is shown in Table 2 . Overall, the frequency percentage of adhesive, cohesive within the core, cohesive within the post and mixed failures were found to be 87%, 5.33%, 2.67% and 5.33%, respectively. The micrographs of SEM analysis can be seen in Figure 2 .
Discussion
Based on the results of this study, surface treatment method of fiber posts had a significant effect on their bond strength to composite core, but thermocycling had no such effect. It has been documented that chemical composition (size, type, distribution and percentage of fibers) and surface topography of posts affect the post-resin core bond strength. 23, 25, 26 In the current study, only one type of glass post (Glassix) was used to assess the effect of different surface treatment protocols on bond strength. Fiber posts have uniform, smooth surfaces limiting mechanical interlocking between the post surface and resin core. 1 To obtain a bond between the methacrylate-based resin of the core material and resin matrix of the fiber post, fiber posts must undergo mechanical or chemical surface treatment to react with silane molecules. 27 In the current study, samples were prepared with 1 W, 1.5 W and 2 W Er,Cr:YSGG laser, or by sandblasting plus silanization. On the other hand, thermocycling was performed for half the samples in each group, because in the clinical setting, bond Different letter shows the statistically significant difference. strength is affected by chemical, thermal and mechanical factors in the oral cavity; however, in the current study, thermocycling had no significant effect on push-out bond strength of fiber posts to resin core. But, the bond strength values in the thermocycled samples were slightly lower than the values in the non-thermocycled samples.
In the current study, the mean and SD of push-out bond strength of fiber posts to composite core following sandblasting with and without thermocycling was found to be 15.76 ± 4.22 MPa and 16.56 ± 3.46 MPa, respectively; the difference in bond strength between this method and other protocols was not significant. It has been reported that sandblasting with Al 2 O 3 particles may cause cracks in the post. 28 Previous studies recommended mild sandblasting to prevent crack formation and minimize dimensional changes of fiber posts. 29, 30 Thus, in the current study, sandblasting was performed with 5μ Al 2 O 3 particles at 2.8 bar pressure for 5 seconds from 10 mm distance. 31 The SEM micrographs in the sandblasted group revealed irregular dugout areas of resin matrix all over the fiber posts.
The results of the current study showed that the mean and SD of push-out bond strength of fiber posts to composite core following 1 W, of glass fiber posts 34 but Tuncdemir et al reported that Er:YAG laser with the afore-mentioned parameters had no significant effect on push-out bond strength of quartz fiber posts. 23 On the other hand, Arslan et al used Er:YAG laser with 150, 300 and 450 mJ powers and 10 Hz frequency for treatment of glass fiber posts and showed that Er:YAG laser irradiation at 450 mJ power increased the push-out 22 and pull-out 33 bond strength of fiber-post to resin core. Akin et al evaluated the bond strength of quartz fiber posts after different surface treatment methods and reported the highest bond strength in the sandblasted followed by the Er:YAG laser irradiated groups; these two methods significantly increased the bond strength of quartz fiber posts to resin cement. 35 Moreover, Kriznar et al evaluated the micro-push-out bond strength of Multicore Flow resin material to 2 types of fiber posts following Er:YAG laser irradiation, and showed that Er:YAG laser irradiation negatively affected the bond strength of resin material to fiber posts. 16 Controversial results of different studies may be attributed to factors such as type of fiber post and differences in laser parameters. On the other hand, Er,Cr:YSGG laser used in the current study may have effects similar to those of Er:YAG laser since its wavelength (2.78 nm) is close to that of Er:YAG laser (2.94 nm). 36 The efficacy of Er,Cr:YSGG laser for surface treatment of dentin, 37,38 ceramics 38 and composite resin 39 has been previously evaluated. Kurtulmus-Yilmaz et al evaluated the effect of Er,Cr:YSGG laser on micropush-out bond strength of fiber post to resin core, and showed that laser irradiation in 1 W and 1.5 W powers enhanced the bond strength, but 2 W laser irradiation had no such effect. 24 Similarly, irradiation of 1 W laser in the current study improved the bond strength. High (2 W) power laser may destruct fibers and compromise the homogeneity and integrity of posts, which can eventually decrease the ability of posts to bond to silane and resin core material. Higher laser powers can cause severe physical damage to fiber posts, and the generated heat in this process may adversely affect the chemical composition of composite and compromise the quality of bond of fiber posts to composite core. 24 In the current study, SEM micrographs of 1.5 and 2 W laser treated groups revealed areas of resin matrix and fiber dugout; however, in 1 W laser treated group, only resin matrix had been dugout in some areas between fibers, and the fibers remained intact. Er,Cr:YSGG laser wavelength is in the infrared spectrum. Laser beams are aimed at the target organs via a fiber-optic system. In this laser, photons are reinforced in a medium of heterogeneous crystals. The laser emits photons at 2780 nm wavelength in 140 μs pulse and 10-50 Hz frequency. Laser irradiation of soft and hard tissues is a complex topic due to complicated interactions of laser energy, water and tissues. 40 When tissues react to laser energy, the resultant outcome will be determined by the wavelength of laser, optical characteristics of tissue, duration of irradiation, laser energy and rate of laser absorption by the tissue. Laser absorption plays a major role in conversion of laser light energy to heat, sound or chemical energy between atoms and molecules in the target organ. Thus, the required laser energy to achieve a desired outcome would be variable depending on the type of target tissue. 40 Chemical affinity between the two components is also an important determinant of bond strength. 41 The surface of fiber posts is so polymerized that they are no longer capable of reacting or bonding to free radicals. 42 The bond strength of composite resins to fiber posts is often limited due to chemical heterogeneity between methacrylatebased resins and epoxy resins in the post. 43 Also, the composition of resin polymer matrix in the post can affect the ability of adhesive to penetrate between the fibers and provide adequate micromechanical retention. 10 The main component in the composition of resin can also affect the bond to fiber posts. 44 On the other hand, it seems that the surface roughness created by the manufacturer and the modifications made in the epoxy resin matrix of the post for bond to Bis-GMA also decrease the efficacy of surface treatments to enhance the bond strength.
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Based on the results of the current study, 10 000 cycles of thermocycling (equals to one year of clinical service), 45 had no significant effect on bond strength of fiber posts to composite core; although it slightly (but not significantly) decreased the bond strength. Considering the necessity of simulation of clinical setting in in-vitro studies, we performed thermocycling as a standard method of artificial aging. 6 In the current study, push-out loads were applied to samples to prevent creation of heterogeneous stresses in them. Some researchers believe that push-out bond strength testing is more reliable than the microtensile test for measurement of bond strength of fiber posts to radicular dentin 46 because the push-out test highly resembles an actual shear test and provides a more reliable and accurate estimation of bond strength compared to the conventional shear test. 47 The only shortcoming of the push-out strength test is unequal stress distribution in thick samples; this problem can be eliminated by slicing the samples to obtain thin sections. 46 Goracci et al compared the efficacy of microtensile and push-out tests for accurate assessment of bond strength of fiber posts cemented in the post space, and showed that pushout test was more accurate than the microtensile test for measurement of bond strength of cemented fiber posts. 46 In the push-out technique, all prepared samples can be used and the dispersion of results would be lower; whereas in microtensile test, numerous primary fractures occur in the samples and the results would have high dispersion. 46 In the current study, 87% of the failures were of adhesive type and occurred at the fiber post-resin core interface in different surface treatment groups.
In the current study, 10 000 thermal cycles (corresponding to approximately one year of clinical service) had no significant effect on bond strength; the effect of longer duration of aging on bond strength must be evaluated in future studies. In vitro studies cannot completely simulate the oral clinical conditions. In the oral cavity, restored teeth are exposed to numerous variables; they are constantly exposed to moisture, thermal alterations and variations in pH due to a variety of diets. Moreover, they are exposed to bacteria and different enzymes and are subjected to masticatory forces. All these factors have undeniable effects on the bond strength of fiber posts to composite core, and may compromise the clinical service of posts. Thus, the effect of these parameters on bond strength of posts to composite core can be an interesting topic for future studies. Our in vitro assessment of surface treatment effect of fiber posts with Er,Cr:YSGG laser on their bond to composite core with and without thermocycling by all its limitations, revealed that irradiation of Er,Cr:YSGG laser with 1 W power effectively enhanced the bond strength of fiber posts to composite core, and thermocycling slightly (but not significantly) decreased the bond strength at the postcore interface.
